We studied the age-specific reproductive characteristics of 29 male and 43 female captive fishers (Martes pennanti) during 1991-1993. Length of baculum was shorter in yearlings than adults, but changed little in length after the first 15 months of life. Adult (> 18 months old) and yearling (6-18 months) males were nonreproductive June-January based on low concentration of testosterone and regressed testes. Testes were smaller in yearlings than adults, but there was no difference between age classes in level of testosterone in blood, number of sperm, and concentration of sperm. Concentration of testosterone began to increase in December for adults and in January for yearlings, followed by an increase in testicular size that reached a maximum in March and April for adults and yearlings, respectively. Maximum production of sperm for both age classes occurred March-May. Concentration of testosterone began to decrease in April and testes were fully regressed and production of sperm ceased by June. Adult and yearling females were anestrus June-March. Size of vulva was different among yearlings, nonpregnant adults, and pregnant adults. Vaginal cornification was lower in yearlings and concentration of progesterone in blood was higher in pregnant adults than the other groups of females. Cornification of adults was >90% by 7 days postpartum and remained >90% for 3-5 weeks. Only three of 16 yearlings exhibited cornification >90%. Mean postimplantation development was 36 days. Concentration of progesterone peaked in pregnant females during February corresponding with implantation.
1991; Leonard, 1986; Paragi, 1990; Powell, 1993) , and from zoos (LaBarge, 1987; LaBarge et aI., 1991; Powell, 1993) . A generalized reproductive cycle has been outlined (Mead, 1994; Powell, 1993) , but empirical data on reproductive hormones, and their associated physical changes, have not been reported for either sex.
Male fishers are believed to be aspermatic throughout most of the year and appear to be sexually mature at 12 months, but may not be effective breeders because size and conformation of the baculum change with age (Douglas and Strickland, 1987; Mead, 1994; Wright and Coulter, 1967) . Females also are believed to be sexually mature at 12 months, (Douglas and Strickland, 1987; LaBarge, 1987; Mead, 1994) . Parturition occurs as early as February; however, most blastocysts are assumed to implant in January or February resulting in most births occurring in March and early April (Douglas and Strickland, 1987; Powell, 1993; Wright and Coulter, 1967) . Estrus occurs shortly after giving birth or possibly in autumn (Douglas and Strickland, 1987; Mead, 1994) . Hall (1942) reported that females come into estrus 6-8 days after parturition and are receptive for 2-3 days, and Hodgson (1937) reported that if females were not bred within that 2-day interval they may become receptive again in ca. 14 days. As in other mustelids, ovulation is assumed to be induced by copulation (Mead, 1994) and implantation of the blastocysts is delayed (Enders and Pearson, 1943; Ewer, 1973; Mead, 1994; Powell, 1993) . The exact timing of implantation is uncertain with estimates of postimplantation development ranging from 30 to 60 days (Hamilton and Cook, 1955; Powell, 1993; Wright and Coulter, 1967) .
Because of the lack of complete information on reproductive cycles of the fisher, we collected data from wild-caught and captive-born animals to test the hypothesis that reproductive parameters of the fisher varied with age. Specific hypotheses tested for males were that length of baculum, size of testes, levels of testosterone in blood, and characteristics of semen varied by season and differed by age within season. For females, we tested the hypothesis that cornification of the vulva, swelling of the vulva, length of estrus, and levels of progesterone in blood also varied by season and differed by age and reproductive status within adults. We also provide empirical data on the length of the postimplantation period, and document seasonal variation by sex in the size of the rear foot gland (i.e., plantar glands) as it relates to the reproductive cycle.
MATERIALS AND METHODS
Seven male and 37 female fishers, estimated to be 6 months to 3 years of age by cementum annuli (Arthur et aI., 1992) , were captured from the wild throughout central and eastern Maine, 1990 Maine, -1992 . Additionally, 22 males and 16 females were born in captivity during 1991-1993, to females that were bred while still in the wild. All animals were housed in the Animal Research Facility at the University of Maine, Orono. Animals were housed individually in pens located under cover of coniferous trees and exposed to natural photoperiod. Each cage was 1.2-m wide by 1.2-m tall by 2.4-m long, and was wrapped with 14 gauge, 2.5-cm 2 wire mesh and elevated ca. 10-20 cm above the ground. All cages had one external nest box, and six cages had two external nest boxes to facilitate breeding and handling females with young (Frost and Krohn, 1994) .
All animals were within sight, sound, and smell of each another except three females that were visually isolated (40-80 m) from all other animals during the 1993 breeding season. Water was provided ad lib. and daily rations were composed of commercial mink feed, venison, and beef liver, and were adjusted to maintain weights within 15% of mean capture weights (males = 4.7 kg, females = 2.3 kg- Frost and Krohn, 1994) .
The reproductive condition of each animal was assessed twice monthly from February through May in 1991 and 1993, and at weekly intervals from February through May in 1992. Throughout the rest of the year, reproductive condition was assessed monthly. In addition, females were sampled twice a week as they approached estrus. When assessed, each fisher was moved from its nest box into a squeeze cage and anesthetized with a 10: 1 mixture of ketamine hydrochloride (100 mg/ml) and acepromazine maleate (10 mg! ml) at a mean dose of 20 mg/kg of this mixture (Frost and Krohn, 1994) . When semen was collected, males were anesthetized at a higher mean dose (42 mg/kg) and only with ketamine hydrochloride (Frost and Krohn, 1994) . Fishers were weighed and blood samples were collected from the jugular vein and put into tubes containing heparin. Blood was centrifuged within 24 h of collection and plasma was removed from each sample and frozen until assayed. Testosterone and progesterone were quantified using a commercially available radioimmunoassay kit. Assay kits were validated in our laboratory. Sensitivity of the assays was 0.2 ng for both progesterone and testosterone. Standard curves with and without plasma from fishers were determined to be parallel for both hormones.
The height and width of the gland on the largest pad on the right rear foot, of both sexes, were measured with a ruler and calipers, respectively. Differences in sizes of glands between yearlings and adults could not be tested because yearlings were extremely active throughout the year. This activity on the hard wire of the holding cages wore the glands smooth with the pad of the foot so they could not be measured.
Length of baculum was measured with a ruler. Length and width of both testes were measured through the scrotum with calipers and length and width of the opening in the vulva was measured with a ruler. Pregnancy was determined by transabdominal ultrasound examinations each week (Frost, 1994) . Vaginal smears were obtained by inserting a cotton swab, moistened with saline. The contents of the swab were rolled onto a glass slide and stained with Wright's stain. The percentage of cornified epithelial cells was estimated after classifying ca. 100 cells/smear. Selected females with vaginal cornification >90% were introduced to randomly selected males. Introductions lasted 2-12 h between 0500 and 1900 h and were monitored from a remote location with a video camera. illtrasound readings were taken weekly on seven pregnant females from January 1992 until birth.
Postimplantation development was defined as the period from the first time a developing embryo was seen with the ultrasound until birth (Frost, 1994) . Adjusted postimplantation development was the midpoint between the last observation when no embryos were seen and the first time an embryo was seen until birth.
Semen was collected weekly from eight males (four adults, four yearlings) from January to June 1993, using an electroejaculator with a bipolar rectal probe (P-T Electronic, Boring, OR, model 302). Sperm was collected and counted following procedures outlined by Shump et al. (1976) and Wildt et al. (1989) .
Concentrations of hormones were averaged by month throughout the year. Data from different years were combined because the numbers of animals used in each year were too small to examine for differences. Sample size varied between months because animals were caught, released, escaped, or died at different times of the year (Frost and Krohn, 1994) . Age classes were delineated as yearlings, 6 months (August) to 18 months (July) of age, and adults, older than 18 months. These age classes corresponded to the first 12-month period when breeding may occur for yearlings. All animals classified as adults had been through at least one breeding season. Adult females were further divided into pregnant and nonpregnant animals.
A Hotelling's T2 was used to test differences between yearling and adult animals for mean size of testes, length of baculum, concentration of testosterone, and number of sperm. Size of testes was expressed as the mean of the length times the width of both testes. Results of measurements of bacula and testes and analysis of hormones are expressed as X ± 1 SE. Differences among periods were tested using analysis of variance (ANOVA) for repeated measures. Differences between periods were compared using Tukey's pairwise comparisons for unequal samples (Zar, 1984) . Correlation coefficients were calculated to determine whether seasonal changes in mean size of testes, levels of testosterone, and number of sperm were correlated. A one-way ANOVA was used to determine differences among the three groups of females. Differences between the number of adults and yearling females exhibiting >90% cornification were compared using Fisher's exact test.
RESULTS
Length of bacula (P < 0.001) and size of testes (P < 0.001) differed between yearling and adult males; however, level of testosterone in blood, number of sperm, and concentration of sperm were not different between age classes (P > 0.05). Length of baculum was correlated with age from 5-15 months of age (,.1 = 0.840, P < 0.001; Fig.   1 ). Testes were difficult to detect through the scrotum in young fishers until they were 5-6 months old. Yearling males showed a gradual growth in size of testes from October (0.9 cm 2 , range = 0.8 to 1.5 cm 2 ) through January (1.8 cm 2 , range = 0.4 to 3.9 cm 2 ); months. This increase in concentration of testosterone was followed by a significant increase in size of testes (P < 0.001) between February and March. Maximal size of testes for yearlings was reached in March eX = 3.4 cm 2 , range = 1.7-6.5 cm 2 ) and was maintained through April eX = 3.6 cm 2 , range = 1.8-5.2 cm 2 ). Size of testes did not differ between March and April (P = 0.81). Maximal size of testes was accompanied by elevated concentrations of testosterone, which averaged 1.3 ng/ml (range = 0.1-3.9 ng/ml) and 1.5 ng/ml (range = 0.1-6.8 ng/ml) in March and April, respectively. Testicular regression was evident by May and coincided with a decline in concentration of testosterone in the blood.
Testes of adults were fully regressed from June through December as determined by their small size eX = 2.1 cm 2 , range = 0.6-2.5 cm 2 ) and low concentration of testosterone in blood eX = 0.2 ng/ml, range = 0.1-0.7 ng/ml; Fig. 2 ), but remained scrotal throughout the year. The first sign of testicular recrudescence in adults was a significant (P = 0.006) rise in concentration of testosterone in January when compared with the previous 2 months, coinciding with a significant (P < 0.001) increase in testicular size during January (Fig. 2) . Maximal size of testes (4.6 cm 2 , range = 2.5-7.2 cm 2 ) was reached in February, and maintained through April, and was accompanied by elevated concentrations of testosterone (2::2.4 ng/ml, range = 0.2-7.0 ng/ml). Regression in size of testes was evident by May and was preceded by a significant (± 1 SE) concentrations of testosterone in blood (ng/ml) for adult (mean sample size = 7, range = 2-12) and yearling male (mean sample size = 6, range = 2-12) fishers, -1993 adults and yearlings for mean number of sperm/ejaculate (P = 0.104) or mean number of sperm/f..Ll (P = 0.099); therefore, age classes were pooled. Samples of semen containing sperm were first collected on 23 February (Table 1) and number of sperm, concentration of sperm, and the ratio of motile: nonmotile sperm were low until 9 March. Number of sperm, concentration of sperm, and the motile: nonmotile ratio rose through March and peaked on 23 March and remained elevated throughout the 1 st week (14) 19 (11) a Significantly fewer yearlings attained >90% cornification than adults (P < 0.(01).
Levels of progesterone, size of vulva, and percentage cornification were different among the three groups of females, except for hormone levels between yearlings and nonpregnant adults (P = 0.058) and percentage cornification between nonpregnant adults and pregnant adults (P = 0.162). All females were anestrus June-March. During this period vaginal smears contained < 10% cornified epithelial cells and there were no signs of vulval swelling (Fig. 4) . Vaginal cornification for pregnant adults began to increase immediately after parturition and was >90% by 7 days postpartum. This coincided with a change in the appearance of the vulva. Cornification remained >90% for ca. 30 days. All females that were pregnant exhibited >90% vaginal cornification (Table 2) .
Maximal cornification of the vagina and a noticeable change in the shape of the vulva occurred in late March and early April for nonpregnant adults and yearlings (Fig.  4) . Cornification and vulval swelling remained high for ca. 30 days. Seven of eight (88%) nonpregnant adults and two of 16 (13%) yearlings exhibited >90% cornification ( Table 2 ). The proportion of adults that attained >90% cornification was significantly different from the proportion of year-
During the period of maximal cornification and swelling of the vulva, a subcutaneous mass (ca. 7 cm by 4 cm) developed ca. 10 cm posterior to the skull on the dorsal side of the neck. This swelling occurred only in individuals (n = 18) that showed cornification >90%. A biopsy of two animals indicated that the mass consisted of areolar connective tissue with an increase in ground substance.
None of the females introduced to males when vaginal cornification exceeded 90% were observed to copulate. Further, no apparent behavioral changes were observed to coincide with maximal vaginal cornification. Most males and all females did not attempt to copulate. One yearling male did attempt to mount an adult female repeatedly, but was rebuffed by aggressive bites on each attempt. Aggressive interactions occasionally were observed and consisted of baring of teeth and bouts of lunging and biting. Most pairings resulted in the animals sitting in different areas of the cage.
Mean duration of postimplantation development was 36 days (range, 34-38 days) for seven pregnant fishers, with an adjusted mean development period of 40 days (range, 38-42; Table 3 ). Ultrasound readings recorded the first developing embryo on 11 February. This coincided with peak progesterone concentrations in early February (Fig. 5) . Concentration of progesterone began to decrease during February and dropped throughout the period of postimplantation (Fig. 5) . Mean date of birth was 25 March (Table 3 ; Fig. 6 ) and the latest birth in all 3 years occurred on 1 April (Frost, 1994) . Levels of progesterone for nonpregnant adults and yearlings remained low (X < 3.3 ng/ml, range = 0.1-3.3 ng/ ml) throughout the year (Fig. 5) .
Enlargement of the right hind foot gland in females followed a similar pattern as that in males. The gland of the rear foot of females remained < 10 cm 2 from July through December (Fig. 3) . Size of gland peaked in January and remained unchanged through May. By June, size of gland was <10 cm 2 as observed throughout the rest of the year.
DISCUSSION
Growth of baculum was correlated with age throughout the 1st year in fishers. As yearlings approached their first breeding season, the length of the baculum was near its maximum; however, yearlings did not show the large proximal end typical of adults (Frost, 1994) : Wright and Coulter (196"1) and Douglas and Strickland (1987) reported that weights of bacula for yearlings in autumn and early winter were less than weights for adults, and reported a significant difference between the weights of bacula of yearlings and adults in March and April, respectively. Length of baculum varies little after the first breeding season in fishers. In contrast, Elder (1951) noted that both length and weight of bacula in the mink (Mustela vison) increased with age. Wright (1950) demonstrated in long-tailed weasels (Mustela Jrenata) that the baculum developed under the influence of androgens, and probably was not fully developed until after the first breeding season. Development of the baculum in fishers appears to be similar to development of the baculum in minks and weasels. The testicular cycle in captive fishers appears to be similar to previous descriptions from carcasses of wild fishers (Douglas and Strickland, 1987) . The first indication of testicular recrudescence was an increase in concentrations of testosterone in blood during January. Wright and Coulter (1967) reported that weight of testes increased in February and size of testes as largest in midMarch. These authors also reported sperm in the epididymis in early March in both yearlings and adults. This is consistent with our findings that mean size of testes peaked in early March in adults and early April in yearlings, although statistically different in size between age classes. Douglas and Strickland (1987) noted that maximum weight of testes occurred in March and observed sperm primarily in February and March, but as late as May. Leonard (1986) , however, recorded males producing sperm only in March. Our data correspond with Douglas and Strickland (1987) , showing that both yearling and adult fishers produce sperm through May. Testicular regression was underway by mid-Mayas evidenced by reduced size of testes, decreased levels of testosterone, reduced number of sperm, and low number of motile sperm. These data suggest that production of sperm was dis-continuous in fishers, consistent with other mustelids (Mead, 1989) . Marked changes in levels of testosterone preceded significant changes in size of testes and production of sperm (Fig. 6) . This is consistent with current knowledge regarding the obligatory role of testosterone in the maintenance of production of sperm. When levels of testosterone drop below a certain threshold, production of sperm ceases and testicular size and weight decreases (Steinberger, 1971; Zirkin et aI., 1989) .
Small circular patches of coarse hair on the pads of the hind feet have been associated with glandular activity because of their distinct odor (Powell, 1993) . Our data indicate these structures enlarge during the breeding season and may serve as a means of communication during that time of year. Buskirk et al. (1986) identified these structures as plantar glands and reported they are present in many species of mustelids. These authors hypothesized that plantar glands serve as chemical transmitters and scent is deposited through normal locomotion. This would be consistent with our observations of increased size during the breeding season.
Vaginal cornification was observed 1 week after pregnant females gave birth. By 7 days after parturition, all females that had given birth exhibited >90% cornified epithelial cells; however, nonpregnant adults and yearling females exhibited high levels of cornified epithelial cells only after pregnant females had obtained high levels of cornification. Females exhibited high levels of cornification for 2-5 weeks (Fig. 6) . After this period, the percentage of cornified epithelial cells decreased and remained < 10% for the rest of the year. The appearance of the vulva also changed as the percentage of cornified epithelial cells increased. The vulva was small, with a crescent-shaped opening in females with low cornification. When cornification exceeded 90%, however, the tissues composing the vulva were turgid and the opening became round and readily apparent although the amount of variation in length and width was minimal. The change in the vulva between periods of low and high cornification was readily apparent, but difficult to quantify. Long and Evans (1922) and Travis et al. (1978) gave detailed descriptions and photographs of swelling of the vulva and the corresponding increase in cornified epithelial cells in rats (Rattus norvegicus) and minks, respectively. These authors classified the change into different stages depending on the amount of swelling of the vulva and the type of epithelial cells occurring on the vaginal smear. Fishers appear to follow the same stages, although the duration of each stage probably is different for specific species. Although female fishers show high levels of cornification for 2-5 weeks, whether they are receptive throughout the entire period was not determined. Females were unreceptive to males whenever the sexes were put together. This outcome may have been due to the small cages, to proximity to other animals, or to other unknown factors. We noted no apparent behavioral changes in females during high levels of cornification.
In addition to swelling of the vulva and increased percentage of cornified epithelial cells, females showed a thickening of tissue on the back of the neck during estrus. The enlargement of the connective tissue suggests that it may serve a protective function against the neck bites of males during copulation. The presence of this thickening of tissue on the dorsal surface of the neck appears to coincide with swelling and maximal cornification of the vulva. All adult and yearling females that showed high levels of cornification (>90%) also had tissue masses that remained throughout the period of high cornification.
Stress resulting from the proximity of dominant individuals has been reported to inhibit or delay estrus or prevent ovulation in subordinate females in other species (Hodges et al., 1990; Tardiff et al., 1990) . Mead et al. (1991) questioned these phenomena in mustelids because several genDownloaded from https://academic.oup.com/jmammal/article-abstract/78/2/598/909629 by guest on 11 January 2019 era (Mustela, Martes, and Mephitis) routinely are bred in captivity where visual, olfactory, and vocal cues do not seem to affect reproduction. We hypothesized that the large number of anestrus yearling females might be caused by the proximity of their cages to adult females (Frost and Krohn, 1994) . Yearlings that were moved 40--80 m away from adults during 1992, however, still showed high frequency of anestrus. Females were believed to be sexually mature at 12 months (Douglas and Strickland, 1987; Powell, 1993) , but these data provide circumstantial evidence that some females may need an additional year to reach sexual maturity in captivity. Mead (1994) summarized a report on sables (Martes zibellina) in Russia that suggested the age at which sexual maturity is reached may vary with environmental conditions. This variability may be a function of younger animals being forced to reside in less-favorable habitat. This also has been reported in American martens (Martes americana- Douglas and Strickland, 1987) . Because the different age classes of fishers in this study were on the same nutritional plane, a physiologic mechanism also may be influencing the timing of sexual maturity. Additional research on factors influencing the timing of sexual maturity is needed on both wild and captive animals.
Concentrations of progesterone in blood of pregnant adult fishers were different from nonpregnant animals and showed a pattern similar to other pregnant mustelids (Bonnin et aI., 1978; Cherepak and Connor, 1992; Lagerkvist et aI., 1992; Mead and Eik-Nes, 1969; Moller, 1973) . Concentration of progesterone increased rapidly in January then decreased to undetectable levels at birth. Levels of progesterone in mink began to increase ca. 10 days before implantation and decreased from implantation to parturition (Moller, 1973) . Although levels of progesterone were not significantly different between yearlings and nonpregnant adults, nonpregnant adults had higher levels than yearlings; however, this may have resulted from one female that appeared to be pseudopregnant. Her levels of progesterone were similar to pregnant adults, increasing from 4.8 ng/ml on 12 January to a peak of 33.5 ng/ml on 24 March and then decreasing to undetectable levels by 21 April. Her nest box was examined for the presence of young daily, but none were observed. No evidence of birth or cannibalism was detected. Cherepak and Connor (1992) also reported elevated levels of progesterone in nonpregnant fishers suggesting that pseudopregnancy probably occurs in fishers as it does in other carnivores (Bonney et aI., 1981; Heap and Hammond, 1974; Hellgren et aI., 1991; Mead et aI., 1993) .
Fishers have been known to have a long gestation period of > 350 days (Hall, 1942; Hodgson, 1937) . Enders and Pearson (1943) first reported that fishers might exhibit delayed implantation. Since then, however, the duration of postimplantation development has remained in doubt. Wright and Coulter (1967) estimated that implantation occurs ca. 30 days before parturition, whereas Hamilton and Cook (1955) estimated implantation was 30--60 days before parturition. Others (Leonard, 1986; Powell, 1993; Wright and Coulter, 1967) , suggested that implantation could occur from January through April. We first observed expanded blastocysts in one female on 11 February; however, implantation had not occurred because on subsequent observations the blastocysts had moved from the base of the uterus into the uterine horns (Frost, 1994) . Mead (1968a) reported that transuterine migration in western spotted skunks (Spilogale putorius latifrons) occurred :::;3 months before implantation, but usually did not begin until shortly before nidation. Enders et al. (1986) reported that blastocysts of western spotted skunks rapidly increased in size 24--48 h before implantation. Our first observations were probably during this late activation stage and blastocysts subsequently migrated to implantation sites. Ewer (1973) and others (Douglas and Strickland, 1987; Powell, 1993) suggested that ovulation in fishers is induced, by copulation, but little evidence supports this proposal. In reviewing the literature, Mead ( 1994) reported that ovulation appeared to be induced in most species of Martes, but has only been documented for sables. During laparotomies in June, we observed structures that appeared to be corpora lutea on ovaries in two of 14 females (Frost, 1994) . These females had been isolated from all males during the breeding season. Two conclusions can be derived from these observations. First, ovulation had occurred and corpora lutea were formed in response to the ovulated follicle, suggesting that spontaneous ovulation had occurred. Second, no ovulation occurred and corpora lutea atretic a were formed from a degenerating follicle. Mead (1968b) stated that corpora lutea atretica and corpora lutea vera are so similar in appearance that only through detailed histological examination can they be identified. We did not differentiate between the types of corpora lutea. Cherepak and Connor (1992) , however, recovered an unfertilized ovum in a flushed reproductive tract of an unbred female fisher in August, also indicating spontaneous ovulation. Ewer (1973) suggested that the difference between spontaneous and induced ovulation may be one of degree only, and that some carnivores ovulating without copulation does not preclude some normal effect of the stimuli resulting from mating triggering ovulation. Raccoons (Procyon [otor) may ovulate both spontaneously (Morris, 1975; Sanderson and Nalbandov, 1973) or through induction (Llewellyn and Enders, 1954; Whitney and Underwood, 1952) . If fishers also can ovulate spontaneously, then counts of corpora lutea used to estimate reproductive success in fishers (Douglas and Strickland, 1987) Harrison, and K. E. Elowe for reviewing versions of this manuscript and all the students who helped feed and maintain the fishers in captivity. This research was done in accordance with an approved animal welfare protocol at the University of Maine.
